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Abstract 
 
Selected methods of descriptive statistics are presented, including the analyses of correlation and variance, both used for describing the 
structure of composite foams produced by blowing gas into a liquid composite (matrix – aluminium alloy, reinforcement – SiC particles).  
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1. Introduction 
 
Light  and  durable  foams  are  today  a  desired  structural 
material.  Their  advantages:  low  specific  gravity,  sound 
absorbance,  resistance  to  high  temperatures  [1–3],  good 
mechanical  properties  (especially  when  strengthened  by  the 
reinforcement  phase  inserted  in  foam  structure)  enable  their 
applications  in  new industries and other areas [4–6]. However, 
before a new product finds a wide range of use, its structure has to 
be described in detail, so that possible occurrence of irregularities 
is  reduced  to  a  minimum.  Certain  statistical  methods  come  to 
assistance  in  this  task.  To  describe  the  structure  of  materials 
herein considered, a statistical analysis was performed, consisting 
of the following statistical methods: descriptive statistics, analysis 
of  correlation  and  analysis  of  variance.  This  study  aims  at 
determining  how  useful  these  methods  are  in  describing  the 
structure of examined materials. 
 
 
 
 
2.Material and the research  
 
This  study  includes  tests  of  three  types  of  foams  (three 
samples  were  taken  from  each  type,  the  results  were  then 
averaged). Each type of foam was different in terms of material 
structure (denoted as foam A, B and C, which were composite 
foams  with  AlSi9  matrix  reinforced  with  SiC  particles  -  their 
weight fraction was 15%). The foams, which differed in pore size 
(Fig. 1), were made at the Department of Material Engineering, 
Maritime  University  of  Szczecin,  by  blowing gas into a liquid 
metal [5–9]. The data used for the description of foam structure 
were  obtained  by  tomographic  images  (Fig.  2)  [8]  taken  with 
Xradia-made MicroXCT device. For image processing the authors 
used the program for computer image analysis Aphelion and the 
Statistica 9.0 package. The reason of using of tomographic images 
to describe the structure of composite foams was to examine the 
possibilities of this new method. This method allows to describe 
objects  in  the  3D  system.  This  is  very  valuable  in the foams 
instance.  To  describe  the  structure  of  foams  used  descriptive 
statistics, correlation and analysis of variance. A RCHIV ES   o f  F O UNDRY  ENG INEERI NG   V o l u me  1 1 ,  Is s u e  4 / 2 0 1 1 ,  4 1 - 46  42 
Using analysis of variance allows the rejection of the hypothesis 
of equal means in the individual tests. It is designed to confirm 
the variety of these trials. However, the analysis of the correlation 
describes us if there is some relationship between the examined 
objects. 
 
       
  A  B  C 
Fig. 1. Metal foams with various sizes of pores, used for examination described in this work  
 
                                    a.                                                               b.                                                         c. 
Fig. 2. Examples of composite foam images used for computer tomography analysis, foams produced by blowing gas into a liquid 
composite (AlSi9/SiC), magnification a. pictorial image  
 
Table 1.  
Parameters of descriptive analysis for the variable area in m
2 
Area [m
2]  Mean  Median  Minimum  Max.  Lower quartile  Upper quartile  Stand.deviation  Var. coeff. 
All foams  1 497 649  456 113  16 630  31 975 900  188 055  1 316 000  3 097 666  207% 
foam A  665 988  324 567  16 630  5 888 120  152 707  765 411  911 572  137% 
foam B  2 914 144  1 403 650  52 815  26 092 000  500 824  3 520 440  3 927 983  135% 
foam C  2 944 180  722 843  16 853  31 975 900  292 937  3 669 750  5 303 264  180% 
 
2.1. Descriptive statistics 
 
With the use of the Statistica PL software, calculations were 
made  to  determine  parameters  of the variables characteristic of 
each  type  of  foam, describing their distribution (mean, median, 
minimum,  maximum,  lower  quartile,  upper  quartile)  and 
dispersion  (standard deviation and variance coefficient [10-12]). 
All the parameters are given in Tables 1–4: 
The variable ‘bubble area’ (area) shows a very large variety. 
The standard deviation makes up over 200% of the mean value 
for all foams and is the greatest for foam C, and the smallest for 
foams  B  and A. The mean value of area is considerably higher 
than the median, which indicates non-homogenous distribution of 
the variable ‘bubble area’ and cumulation of its value much below 
the  mean,  which  indicates  there  is  a  right-hand  asymmetry  of 
bubble area distribution. Figure 3, with a boxplot, well illustrates 
this issue, presenting the distribution of the variable area for each 
type of foam. 
It follows from the diagram in Figure 3 that the variable area 
has  many  extreme  and  outlying  values,  particularly  in  case  of 
foams  B  and  C.  Foam  A,  in  turn,  is least diversified, i.e., the 
variable ‘bubble area’ is more homogeneous than the others. 
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Fig. 3. Boxplots of the position of the variable area for each  
foam type 
 
B
u
b
b
l
e
 
a
r
e
a
 
[
c
m
2
]
 
 
Type of foam A RCHIV ES   o f  F O UNDRY  ENG INEERI NG   V o l u me  1 1 ,  Is s u e  4 / 2 0 1 1 ,  4 1 - 46  43 
Table 2.  
Parameters of the descriptive analysis of the variable ‘mean bubble diameter’ in µm 
Mean diameter [µm]  Mean  Median  Minimum  Max.  Lower quartile  Upper quartile  Stand. deviation  Var. coeff. 
All foams  1 065  762  146  6 381  489  1 294  880  83% 
foam A  785  643  146  2 738  441  987  483  62% 
foam B  1 612  1 337  259  5 764  799  2 117  1 059  66% 
foam C  1 477  959  149  6 381  611  2 161  1 258  85% 
 
Table  2  presents  values  of  descriptive  parameters  for  the 
variable ‘mean bubble diameter’ of the tested materials. 
The  mean  diameter  of  the  bubbles  (pores)  also  shows 
a significant variety. The standard deviation amounts to 83% of 
the mean value for all foams and is the highest for foam C, the 
lowest for foam A. One can also see that the mean value of the 
variable  mean  diameter  is  much  higher  than  the  median.  This 
indicates  non-homogenous  distribution  of  the  variable  mean 
diameter  and  its  cumulative  value much below the mean value. 
This indicates there is a right-hand asymmetry of the distribution 
of  the  mean  diameter.  It  is  better  illustrated  in  Figure  4, 
containing  a  boxplot  presenting  the  distribution of the variable 
mean bubble diameter for particular foam types. According to the 
diagram,  the  variable  mean  diameter  has  a  lot  of  extreme  and 
outlying values, particularly those referring to foam A, although 
they  still  have  lower  values  than  the  corresponding values for 
foams B and C. 
Table  3  includes  values  of  descriptive  parameters  for  the 
variable 'bubble circumference’. 
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Fig. 4. Boxplots of the position of the variable mean diameter for 
three types of foam 
 
Table 3.  
Parameters of the descriptive analysis of the variable ‘bubble circumference'  in µm 
circumference  [m]  Mean  Median  Minimum  Max.  Lower quartile  Upper quartile  Stand. deviation  Var. coeff. 
All foams  4 102  2 942  527  25 614  1 866  4 986  3 571  87% 
foam A  2 980  2 358  573  13 750  1 587  3 763  2 039  68% 
foam B  6 196  5 161  1 078  21 923  3 066  8 151  4 107  66% 
foam C  5 858  3 697  527  25 614  2 366  8 291  5 198  89% 
           
The  variable  'bubble  circumference' also shows a significant 
diversity,  similar  to  that  of  the  variable  mean  diameter.  The 
standard  deviation  amounts  to  87  %  of the mean value for all 
foams and is the highest for foam C, the lowest for foams A and 
B. One can also see that the mean value of the variable bubble 
circumference  is  higher  than  the  median.  This  indicates  non-
homogenous  distribution  of  the  variable  bubble  circumference 
and its cumulative value much below the mean value. This means 
there is a right-hand asymmetry of the distribution of the variable 
bubble  circumference.  It  is  better  illustrated  in  Figure  5,  con-
taining a boxplot presenting the distribution of the variable bubble 
circumference for each type of foam. It shows that the variable 
bubble  circumference  has  a  lot  of extreme and outlying values, 
particularly  those  referring  to foam A, although they still have 
lower values than the corresponding values for foams B and C. 
Table  4  presents  values  of  descriptive  parameters  for  the 
variable 'bubble sphericity'. 
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Fig. 5. Boxplots of of the position of the variable bubble 
circumference  for three types of foam 
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Table 4.  
Parameters of the descriptive analysis of the variable 'sphericity' [%] 
sphericity [%]  Mean  Median  Minimum  Max.  Lower quartile  Upper quartile  Stand. deviation  Var. coeff. 
All foams  72%  74%  21%  99%  60%  84%  16%  23% 
foam A  74%  77%  23%  99%  65%  88%  17%  23% 
foam B  67%  68%  29%  93%  57%  80%  14%  21% 
foam C  67%  69%  21%  97%  55%  79%  15%  23% 
 
The variable 'bubble sphericity' is little diversified as compa-
red  to  the previous variables (Table 4). The standard deviation 
constitutes only 23 % of the mean value for all types of foam and 
is similar in all cases. It can also be seen that the mean value of 
the variable sphericity is slightly lower than the median, which 
indicates the homogenous distribution of the variable  sphericity 
and its cumulative value oscillates around the mean. Only a slight 
left-hand asymmetry of the sphericity distribution can be found. 
The boxplots in Figure 6 better illustrate the results, where the 
distribution of bubble sphericity for each type of foam is shown. 
Figure 6 shows that the variable sphericity has few outlying 
and no extreme values. The outlying values occur only for foam 
A, featuring the highest mean value of the variable sphericity. 
 
2.2. Analysis of correlation 
 
The  correlation  coefficients  of  the  examined  variables, 
calculated in order to check the power of relations between these 
variables, are given in Table 5. 
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Fig. 6. Boxplots of the position of the variable 'sphericity' for 
three types of foam 
 
Table 5.  
Correlation coefficients for the variables characterizing the foams 
Correlation coefficients 
Area [μm
2]  Mean diameter [μm]  Circumference [μm] 
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Mean bubble diameter [μm]  0.923  0.955  0.942  0.942  x  x  x  x  x  x  x  x 
Bubble circumference [μm]  0.913  0.936  0.934  0.934  0.981  0.964  0.982  0.983  x  x  x  x 
Bubble sphericity [%]  -0.123  -0.205  0.095  0.095  -0.145  -0.212  0.186  -0.072  -0.284  -0.406  0.031  -0.217 
 
The  correlation  coefficients  (all  over  0.9)  point  at  a  very 
strong linear relation between the variable area and the variables 
mean diameter of the bubbles and their circumference, while the 
bubble sphericity shows no correlation with the other variables.  
 
2.3. Analysis of variance 
 
In the next step, the hypothesis that the type of foam affects 
the  mean  value  of  variables  tested  was  verified  through  the 
ANOVA analysis.  
ANOVA was performed for four bubble-related variables:  
–  area in µm
2, 
–  diameter in µm, 
–  circumference  in µm, 
–  sphericity [%], 
and the grouping factor was the type of foam denoted as A, B, C. 
The ANOVA analysis herein verifies the hypothesis that the 
grouping factor does not differentiate the mean value of a given 
variable, i.e.: 
1 2 n 0 X X X H :m m ... m      
ag ainst   an alt ernat ive  hy p ot hesis   
H1: not all means are equal. 
The test statistic F is calculated. If the grouping factor does 
not differentiate the variable, then the value F is close to 1. On the 
other  hand,  if  F  is  greater  than  1,  then the null hypothesis is 
rejected  and  the  alternative  hypothesis  is  accepted  for  an 
established test significance level . The test significance level  
is a probability that the true hypothesis will be rejected.  
The test statistics F and critical significance levels for the tests 
of  individual  variables  were  calculated  with  the  use  of 
STATISTICA PL software.  
 
Type of foam 
B
u
b
b
l
e
 
s
p
h
e
r
i
t
y
 
[
%
]
 
 A RCHIV ES   o f  F O UNDRY  ENG INEERI NG   V o l u me  1 1 ,  Is s u e  4 / 2 0 1 1 ,  4 1 - 46  45 
The test for the variable bubble area [µm
2] 
C B A 0 m m m : H   . 
H1: not all means are equal. 
The  value  of  the  test  statistic  F  and  the  critical  level  of 
probability p are given in Figure 7. 
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Fig. 7. Results of the ANOVA analysis for the variable 'bubble 
area' 
 
At the significance level  = 0.05 we have to reject the null 
hypothesis  on  the  equality  of  mean  values  and  adopt  the 
alternative one. 
The  performed  ANOVA  analysis  showed that the type of 
foam differentiates the variable 'area' and that the smallest mean 
bubble areas occur in foams A. 
The test for the variable bubble diameter [µm] 
C B A 0 m m m : H   . 
H1: not all means are equal. 
The value of the test statistic F and the critical level of probability 
p are given in Figure 8. 
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Fig. 8. Results of the ANOVA analysis for the variable 'bubble 
diameter' 
 
At the significance level  = 0.05 we have to reject the null 
hypothesis  on  the  equality  of  mean  values  and  adopt  the 
alternative one. 
The  performed  ANOVA  analysis  showed that the type of 
foam  differentiates  the  variable  bubble  diameter  and  that  the 
smallest mean bubble diameters occur in foam A. 
The test for the variable bubble circumference [µm] 
C B A 0 m m m : H   . 
H1: not all means are equal. 
The value of the test statistic F and the critical level of probability 
p are given in Figure 9. 
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Fig. 9. Results of the ANOVA analysis for the variable 'bubble 
circumference' 
 
At the significance level  = 0.05 we have to reject the null 
hypothesis  on  the  equality  of  mean  values  and  adopt  the 
alternative one. 
The  performed  ANOVA  analysis  showed that the type of 
foam differentiates the variable bubble circumference and that the 
smallest mean bubble circumferences occur in foam A. 
The test for the variable bubble sphericity [%] 
C B A 0 m m m : H   . 
H1: not all means are equal. 
The value of the test statistic F and the critical level of probability 
p are given in Figure 10. 
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Fig. 10. Results of the ANOVA analysis for the variable bubble 
sphericity  
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At the significance level  = 0.05 we have to reject the null 
hypothesis  on  the  equality  of  mean  values  and  adopt  the 
alternative one. 
The  performed  ANOVA  analysis  showed that the type of 
foam  differentiates  the  variable  bubble  sphericity  and  that  the 
least mean bubble sphericity occurs in foam A. 
 
 
3. Summary 
 
The  results  of  the  analysis  lead  to the conclusion that the 
values  of  all  variables  that  characterize  the  examined  foams 
depend  on  its  type.  One  essential  fact  is  that  the  foam  A, 
compared to the other two types, is different in that its variables 
have distinctly either higher or lower values. 
Differences  in  pore  size  evaluation  method  are  due  to  the 
production of foams studied. All the time are continued attempts 
to control size and shape of pores in the foams. However, it is 
very  difficult  in  case  of  this  method  of  production.  Process 
parameters are changed. Another parts of produced material are 
examined  via  statistics,  what  will  contribute  to  improve  the 
quality of these materials. 
All  the  specific  analyses  show  that  foams  B  and  C  have 
similar values of characteristic variables, while foam A noticeably 
differs  from  foams  B  and  C.  The  use  of  statistical methods - 
descriptive  statistics,  analysis  of  correlation  and  analysis  of 
variance [10–15]) may considerably contribute to the description 
of structure of examined materials. 
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